body fat before hibernation (Tevis 1952) . Instead they collect a large number of scattered food items and store them in a single winter larder (Broadbooks 1958, this study) . While in their winter dens, chipmunks arouse periodically to eat and excrete waste. Without stored food, chipmunks could not survive the winter (Aunfriev and Arkhipov 2004) . Here we describe temporal and spatial movement of scatter-hoarded seeds into larders and document contents of winter larders of yellow-pine chipmunks.
METHODS

Study Site
We conducted this study in the Whittell Seven species of sciurid rodents are found on the study site: yellow-pine chipmunks, longeared chipmunks (Tamias quadrimaculatus), lodgepole chipmunks (Tamias speciosus), golden-mantled ground squirrels (Spermophilus lateralis), California ground squirrels (Spermophilus beecheyi), Douglas squirrels (Tamiasciurus douglasii), and western gray squirrels (Sciurus griseus). Among all rodent species found on the study site, yellow-pine chipmunks, deer mice (Peromyscus maniculatus: Muridae), and golden-mantled ground squirrels are most abundant.
Larder Formation from Scatter-hoarded Caches
It is rare to observe seeds being recovered and then recached. Therefore, to demonstrate the movement of seeds among scatter-hoarded caches and the movement of seeds from scattered cache sites into a winter larder, we include data collected as part of a broader study on the scatter-hoarding behavior of yellow-pine chipmunks (Vander Wall 2002 . To track the movements of seeds, we located 1036 seed caches labeled with radioactive scandium-46 in the fall of 2000. We used 3 species of pine seeds (sugar pine, Pinus lambertiana; Jeffrey pine; and ponderosa pine, Pinus ponderosa). Sugar pine and ponderosa pine are native to the area, but they did not occur on our study site. Each seed was uniquely numbered with indelible ink, which allowed us to follow the fates of individual seeds. Few other pine seeds were produced by trees in the vicinity in autumn 2000.
Radioactive seeds were deployed under a single Jeffrey pine tree (hereafter referred to as the source tree) between 9 and 11 September 2000 (methods detailed in Vander Wall 2002 . On 12 September, we began surveying the area around this source tree with Geiger counters to locate cached and eaten seeds. When we located a cache, we excavated the seeds, recorded the numbers on them, buried them at the cache site at the original depth, and mapped the cache location relative to the source tree using cardinal directions as x-and y-axes. Care was taken to not touch seeds and to leave no indication of our digging visible to the human eye. To detect whether cached seeds were being moved and recached, we conducted 3 separate surveys over the following 2 months (until 11 November) of the area extending out over 60 m from the source tree, covering approximately 0.75 ha for each survey.
As a result of the long-term tracking, we located a large number of radio-labeled seeds in a chipmunk den on 15 November 2000. We used these labeled seeds to reconstruct the spatial and temporal dynamics of seeds moved from scatter-hoarded caches into a larder. We excavated and collected the nest and its contents on 18 November. We separated the labeled pine seeds in the field and recorded the numbers on each seed. The rest of the larder was taken to a laboratory at the University of Nevada in Reno, where other seeds were separated, counted, and weighed. We used the numbers on seeds to reconstruct spatial and temporal patterns of scatter-hoarding behavior and larder formation. Using map coordinates, we calculated the minimum distance chipmunks moved seeds from the source tree to cache sites, between successive cache sites occupied by the same seed, and from cache sites to the winter larder. If rodents moved 2 or more seeds together, only 1 distance was recorded.
Larder Contents
To find larders, it was necessary to locate chipmunks inside their winter dens. To do so, we fitted chipmunks with 2.0-g radio-telemetry collars (Holohil Systems Ltd. When an animal was located underground in the same location on at least 3 consecutive days, we assumed that the animal had finished provisioning its larder and was dormant. At that time, we excavated its winter den and removed the animal and its winter larder. Chipmunks were taken into captivity and housed in accordance with Institutional Animal Care and Use Committee guidelines at the University of Nevada-Reno.
After the nest and larder were removed, we measured the dimensions of the nest chamber and the depth of the nest. We collected the soil surrounding nest chambers to ensure that seeds cached in the wall of the den were also collected. Larder contents and soil were spread onto cafeteria trays and allowed to air-dry. We separated seeds from soil and sorted them to species. To separate smaller seeds from the soil, we sifted samples through 5 sieves, the smallest with a pore size of 712 μm that prevented loss of tiny seeds and seed fragments. All food items were weighed and counted. For the smallest seed type, we estimated the number of seeds by dividing total mass by mean seed mass, based on a sample of 100 seeds of each species. We estimated the number of eaten seeds in larders from seed shells, and we estimated the edible mass of eaten seeds before they were consumed by multiplying the estimated number of eaten seeds by mean edible seed mass.
To determine the caloric values of seeds, we reviewed the literature (Table 1) . Seed species for which the caloric contents could not be found were sent to the Washington State University Wildlife Habitat and Nutrition Lab for gross caloric content analysis. We used edible mass (g) and caloric values (kJ ⋅ g -1 ) of each seed type to calculate caloric contents of larders. Results are presented as means with one standard deviation unless otherwise noted.
RESULTS
Larder Formation from Scatter-hoarded Caches
Of the 209 labeled pine seeds found in the larder on 18 November 2000, 174 had legible numbers. We traced the 174 seeds to 263 scattered cache sites (Fig. 1 ). There were more caches than seeds because rodents frequently excavated cached seeds and moved them to new cache sites. Figure 2 illustrates the dynamics of labeled pine seeds as chipmunks moved them from the source tree to caches and eventually into the winter larder. The average seed was found at 2.6 + -1.1 cache sites, with 7 seeds found at 5 cache sites and 1 seed found at 6 different cache sites. A map of the study area showing source tree (large circle at origin) and winter nest and larder (square). All other symbols are cache sites: closed circles are the 94 caches from which labeled pine seeds were taken to form the winter larder; open circles are the 142 interim cache sites where larder-hoarded seeds resided temporarily during the autumn before being taken to the final 94 caches; small crosses are 800 other caches created by chipmunks using labeled seeds taken from beneath the source tree and found over a period of 2 months. Seeds from these latter caches were either eaten during autumn or they germinated in spring 2001. Chipmunk winter larder 18.9% 27.1% 32.1% 17.6% 3.7% 0.6% Fig. 2 . Fate of labeled pine seeds taken from a source tree in 2000 that eventually were found in a yellow-pine chipmunk winter larder. Small rectangles are cache sites: primary (1°) caches contain seeds taken from the source tree and located for the first time, and secondary (2°) caches are those containing seeds taken from primary caches, etc. The size and direction of arrows show the movement of labeled seeds (numbers) between different-order cache sites. Percentages represent the contribution of labeled pine seeds from different-order caches to the winter larder.
often contained 2 or more seeds, seeds were separated, combined, or eaten by chipmunks as they moved seeds from cache site to cache site, resulting in very few seeds following the same pathway from the source tree to the larder.
Seeds, including those that eventually made it into the winter larder, were removed from cache sites that appeared to be highly dispersed around the source tree (Fig. 1) . Average distance from the source tree to primary caches (the site where we first found a seed; 19.4 + -9.0 m, n = 121) was not significantly different than average distance between successive cache sites (17.5 + -15.4 m; n = 202). However, the average distance between cache sites where we last recorded a seed and the larder (34.5 + -17.1 m; n = 92) was significantly longer than the average distance to and among cache sites (F 2, 412 = 47.347, P < 0.0001, Tukey's multiple comparison test).
The scatter-hoarded pine seeds that were moved into the winter larder were first observed missing from surface caches in late October and early November (Fig. 3) . Although seeds were initially cached on the days that we deployed them (9-11 September), we found most seeds in primary caches from mid-September to mid-October.
Larder Contents
We located 6 chipmunks in their winter larders in 2003 and 8 in 2004 . Dens were typically small, round chambers (diameter 13.7 + -2.8 cm) at the end of a single burrow (tunnel length 43.6 + -27.7 cm). From the surface, there was no evidence of winter nests. Mean depth of nest chambers was 16.3 + -4.4 cm to the tops and 27.2 + -8.7 cm to the bottoms. Nest material had a mean weight of 14.6 + -4.4 g and was composed primarily of shredded bitterbrush bark, dry grass, feathers, and hair. Nests were constructed directly on top of food. On all but one occasion, tunnels into the nest chamber were plugged with soil, and some tunnels were backfilled to the ground surface. In 2004, one chipmunk was observed digging a new burrow in the location of its winter den (animal #716; Table 2 ) 3 days before it began provisioning its larder with nesting material and food. We excavated one double-chambered nest. This den was the only den that showed evidence of being used in a previous winter. Another den contained the feces of Spermophilus lateralis, indicating that chipmunks sometimes use burrows excavated by other species as den sites.
Seeds were almost the only food items found in larders. (Table 2 ). In 2003, larders contained 5 native species of seeds and bait seed. Bait seed was mixed birdseed that animals removed from traps during summer trapping sessions and later stored in winter larders. In addition to the seed species found in Table 2 , chipmunk #236's larder also contained a single white fir (Abies concolor) seed. In 2004, larders contained 8 species of native seeds, bait seed, and whitebark pine (Pinus albicaulis) seeds. Whitebark pine trees do not occur in the study area. Clark's Nutcrackers (Nucifraga columbiana) gather whitebark pine seeds at higher elevations and cache them in Little Valley. All whitebark pine seeds found in larders were the result of chipmunks pilfering the caches of Clark's Nutcrackers. Larders had a mean energy content of 2108 kJ (2000) 
DISCUSSION
Food stored in scattered caches that were made during summer and early autumn was essential for construction of winter larders by yellow-pine chipmunks. Winter larders were formed in late autumn when little unstored food was available. This pattern of behavior is clear from observations of foraging chipmunks (Kuhn and Vander Wall 2008) and from our study of radio-labeled pine seeds, which were scatter-hoarded more than 7 weeks before the winter larder was formed (Fig. 3) . Many species of seeds found in larders were from shrubs and herbaceous plants that ripen in summer (Roth and Vander Wall 2005, Kuhn and Vander Wall 2008) . These seed crops were depleted within 2-3 weeks of maturity. Yellow-pine chipmunks scatter-hoard these seeds as they ripen, placing food items in countless cache sites from spring until autumn. Scatterhoarded seeds are important food sources for yellow-pine chipmunks during the summer and autumn, but if these seeds were not scatter-hoarded, they would not have been available in November, when chipmunks were constructing their winter larders (Kuhn and Vander Wall 2008) .
In the radioactive-seed study, we found that between initial scatter-hoarding and eventual construction of the winter larder, seed caches were not static. The average seed was recorded at 2.6 cache sites, but this is surely an underestimate of the frequency of recaching. For example, primary caches made on 9-11 September were found for the first
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WESTERN NORTH AMERICAN NATURALIST [Volume 69 time sometime between mid-September and mid-October (Fig. 3) , providing ample opportunity for rodents to move cached seeds one or more times before we first found them. Further, some of the seeds found in the larder disappeared from cache sites in late October (Fig. 3) but must have been scatter-hoarded elsewhere because the larder was not constructed until after 4 November. The frequent movement of cached seeds probably represents pilferage and recaching of seeds by other chipmunks and even other species such as deer mice (Vander Wall 2000 . The caches of eastern chipmunks (T. striatus) are also dynamic, but in that species, seeds from the short-lived caches are often moved into burrows by the cache makers (Elliott 1978, Clarke and Kramer 1994) . We found that in the eastern Sierra Nevada, yellow-pine chipmunks constructed new winter dens each year and that these larders were not constructed until late autumn, just prior to winter dormancy. Only a single excavated den (1 of 15) showed evidence of being used for more than one winter. Siberian chipmunks (Tamias sibiricus) also excavate a new winter den each year (Kawamichi 1996) . This behavior is in contrast to eastern chipmunks, which actively defend and occupy a single den yearround and frequently use the same burrow for multiple years (Elliott 1978) .
We found no evidence that yellow-pine chipmunks made larders in spring, summer, or early fall. In the semiarid region of western Nevada, the availability of food resources is patchy. In order to find food resources, chipmunks spend the majority of their time foraging and searching for food (Kuhn and Vander Wall 2008) . Yellow-pine chipmunks have been observed moving as much as 425 m between food patches (Kuhn unpublished data) . This pattern of activity precludes chipmunks from defending food cached in larders. Previous work in our study site showed that unprotected larders were raided by pilferers and received catastrophic losses to food stores . Radio-collared animals were seldom found in the same locations (burrows and rock and tree crevices) on the same day or on consecutive days and nights prior to immergence. If animals were larderhoarding food prior to winter provisioning, we would have expected to find chipmunks in the same locations on numerous occasions. Moreover, during >520 hours of observation in 2003 and 2004, yellow-pine yellow-pine chipmunks provision more than one larder. In fact, one chipmunk that escaped after its winter den was excavated was never located in a new den, even after repeated snow events. Some chipmunk species store much more food in winter larders than they could consume during the period of winter dormancy. For example, Elliott (1978) found over 20,000 kJ of food remaining in eastern chipmunk larders in the spring. This is nearly 10 times greater than the size of yellow-pine chipmunk larders at the beginning of winter (Table 2 ). Siberian chipmunks, like eastern chipmunks, store large quantities of acorns in their winter larders (average 596 acorns; Kawamichi 1989 ). If we assume that acorns average approximately 5 kCal ⋅ g -1 (Ivan and Swihart 2000) , the average Siberian chipmunk larder contains approximately 1192 kCal (app roximately 4991 kJ) in acorns (excluding all other seed types). In general, excess winter food stores are likely to be important for increasing spring survival, increasing reproductive success, and may also provide food in the case of future mast failures (Elliott 1978 , Kawamichi 1980 , Barnes 1984 , Place et al. 2002 . In contrast with these other species, yellow-pine chipmunks in our study area did not have larders with any significant quantity of seeds remaining in spring. We observed yellow-pine chipmunks in spring and early summer recovering scatter-hoarded caches of bitterbrush and Jeffrey pine seeds from the previous year. Chipmunks recovered Jeffrey pine seeds as late as 21 July in 2003. Seed species that remain viable in the seed bank for long periods, such as manzanita and tobacco brush (Dremann and Shaw 2002) , may also be important sources of food in the spring. Chipmunk species that extensively scatter-hoard, such as yellow-pine chipmunks, likely rely less on the remnants of a winter larder during spring and more on scatter-hoarded food items stored the previous year than species that primarily larder-hoard, such as eastern chipmunks.
Seed abundance influenced the sizes and contents of winter larders (Kuhn and Vander Wall 2008) . Sizes and contents of larders, however, were not influenced by the chipmunks' size or sex (Kuhn and Vander Wall 2008 Kuhn and Vander Wall 2008) . When Jeffrey pine seeds were available, yellow-pine chipmunks stored pine seeds almost to the exclusion of all other seed types. Jeffrey pine seeds are large and are calorically profitable (Table 1) , and when these seeds are available, chipmunks seem able to acquire adequate food stores to survive the winter (Kuhn and Vander Wall 2008) . When Jeffrey pine seeds were less abundant, chipmunks stored more species of seed, many of which were small-seeded species that ripen in early and mid-summer. In 2004 overall seed production on our study site was low (Kuhn and Vander Wall 2008) . During this period, it appears that chipmunks had a difficult time obtaining adequate winter provisions. Kuhn and Vander Wall (2008) estimated that these larders contained enough food stores to allow the occupants to survive only approximately 6-83 days (an average winter lasts 140 days). In addition to the small seed crops, the winter of 2004 was longer than average (approximately 158 days) with large snow accumulations.
Years with low seed production coupled with long winters may exert the greatest selective pressure on food-storing hibernators. Such times of "ecological crunch" should act to reduce the variation observed in a population in favor of a phenotype that increases overwinter survival (Wiens 1977) . Chipmunks' ability to recover food items cached by other animals, such as whitebark pine seeds, may have significant implications for larder contents and winter survival. Vander Wall and Jenkins (2003) predicted that successful pilferers could gradually increase the amount of food they control if they are better than average at gaining more cached food than they lose. In addition to favoring foraging ability, long winters should also select for individuals with high digestive efficiencies and individuals that optimize the use of torpor (Humphries et al. 2001 ).
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